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1. Title of the Invention 

Process for Fabricating Semiconductor Device 

2. Scope of Patent Claim 

1. A process for fabricating a semiconductor device, 
characterized in that it is a plasma enhanced chemical vapor 
deposition process which comprises reacting a gaseous silicide 
or a gaseous germanium compound to deposit a non-single crys- 
tal semiconductor layer on a deposition plane in a temperature 
range of from 100 to 400 »C, wherein, said reactive gas dis- 
charged from a high pressure vessel is purified using a porous 
molecular-.- adsorbent having an effctiv pore diameter in a 
range of from 2.9 to 4.65 A to reduce the concentration of 
phosphorus or a phosphide to 1 x 10" cm-3 or lower, and the 
resulting reactive gas is introduced, inside a plasma enhanced 
chemical vapor deposition reactor to deposit a non-«ingl« 
crystal semiconductor layer through a plasma reaction. 



2. A process for fabricating a semiconductor device as 
claimed in Claim 1. wherein, the adsorbent having an effective 
pore diameter in a range of from 2.9 to -1.65 A is a porous 
molecular adsorbent that is cooled using an electronic ther- 
mostat to a temperature range of from -20 to 40 "C. 
3 . Detailed Description of the invention 

The present invention relates to a photoelectric 
conversion device comprising an. intrinsic or a substantially 
intrinsic semiconductor layer having at least one of the PI, 
HI, and PIN junction, said device fabricated by using an ultra 
high purity gas for semiconductor fabrication whose concentra- 
tion of phosphorus is decreased to a super low level, and to a 
process for fabricating the same. 

An object of the present invention is to provide a 
semiconductor device such as a photoelectric conversion device 
comprising a substrate, optionally having thereon a first 
electrode, and a non-single crystal semiconductor layer having 
at least one of a PI, «, and PIN junction fabricated by 
depositing independently each of: the layers of a P-typ«. an I- 
type. and an N-type semiconductor. In an intrinsic or a sub- 
stantially intrinsic semiconductor layer (i.e.. a semiconduc- 
tor layer into which a P-type or an 2»-type impurity is con- 
taminated either accidentally or intentionally at a concentra- 
tion of fro- 1 x 10" to 5 x 10i' co-3) vhicb generates 



photovoltaic force upon irradiation of light in the photo- 
electric conversion device according to the present invention, 
it is an object of the present invention to decrease the 
concentration of phosphorus in a gaseous silicide such as 
silane. Phosphorus which is particularly undesirable because 
it enhances the insulating- properties-, reduces the diffusion 
length of carriers (particularly of holes, by combining with 
P-type impux.cies v. cause ImparK* scattering, and further 
induces the. generation of recombination centers is sec to 5 X 
10 -» cm- or less, preferably to 1 x 10" c»-> to 3 x 10" cnr>. 
thet is, the concentration of PH, whithin silicide gas such as 
silene is set to a very low concentration o£ 3 x 10-3 to 1 ppb- 
The object above is accomplished in the present inven- 
tion by taxing advantage of the molecular size of the reactive 
gas that is used in the device fabrication, for example, a 
gM eous silicide such as silane, polysilane, and silicon 
fluoride, or; a gaseous germanium .compound such as germane. 
More specifically, the reactive gase, abov have an effective 
\Dolecuiax"dlameter of 4.8 A or larger. 

Accordingly, phosphorus impurities (particularly 
phosphlne, i.e.. the hydrogenated compound thereof) having an 
effective molecular diameter, (retired to si«plv hereinafter 
mm -moleculax diameter') of 4.5 A or less is removed from a 
caseous silicide using a molecular sieve or a zeolite having 



an effective pore diameter in the range of from 2.9 to 4.55 A. 
It is also an object of the present invention to remove by 
adsorption, an impurity which provides donor centers or which 
imparts insulating properties to the resulting product. More 
specifically, - £5=L: -i"n=.Tore*v^ .^r^— ^t^iJ^eaitibn; also aims at 
removing a g^ uus le us .*ter K 2 o) , gaseous carbon 

dioxide (C0 2 ), and gaseous oxygen (0 2 ) ; or a gaseous carbide 

such as methane (CH 4 ) . ethane (C 2 H«) . propane (C 3 H fl >, CH 3 OH, and 

C<H 6 . 

To promote that absorption ability r another object of 
the present invention i3 too cool the temperature of absprp- 
tion material which conducts the chemical absorption from -20 
to -40 °C, and also to cool column to -30±10 °C ehich is the 
maximum of the absorption capability so as to make the 
capability 500 times oz mare as high as high temperature. 

In this manner, the initial intrinsic conversion 
efficiency of € to 8 % under an AMI condition (100 mW/cm*) of 
an unpurif led non-single crystal semiconductor such as an 
amorphous semiconductor can be increased to a range of from 11 
to 14.5 %. 

Particularly: im the- I -type*- layer,- i.e, , the* active 
semiconductor layer of the PIN junction, the reason why it is 
easily rendered K-conductive or weakly N-conductive. As a 



result, the principal reason was found to be phosphides , 
oxides, and carbides, which remain in the reactive gas as 
impurities in the reaccive gas. Accordingly, the concentration 
of phosphorus is leered i::om the conventional level in a 
range of from 5 x 10** cm-* to 1 x 10* 7 cm-* to a range of 1/50 
to 1/10* thereof. More specifically, the concentration of 
phosphorus is controlled to be as low as 1 x 101* cm-J or 
lower, preferably to a range of from 3 x 10" to 1 x 10" cai-3. 
Furthermore,, the concentration of oxygen is lowered from the 
conventional level in a range of from 2 x 10" cm-3 to 4 x 10 ia 
cra-J to a ravage not" higher tritn 5 x 1CU cm-3, preferably to a 
range of from 1 x 10** to 1 x 101* enr', and that of carbon 
clusters is decreased to a level of 4 x 10* 7 cm-* or lower, 
preferably, to a range of from 4 x 10" to 1 x 10" cm-*. Carbon 
clusters as referred herein signifies cluster-like carbon 
atoms that are combined by a plurality of C-C bonds inside the 
semiconductor. In this manner, the density of recombination 
centers inside a semiconductor, for example, a silicon semi- 
conductor", is successfully lowered -from the initial 1 x 10" 
cm- 3 to 1 x 10* 7 cm*' or lower, and preferably, to a range of 
from S x 10" to 1 x 10" car 3 . 

Conventionally, phosphorus atoms have been believed to 
behave as donor-type impurities inside a semiconductor; more 
specifically, inside a single crystal silicon semiconductor. 



Accordingly, the ^ref*-_red jcnceutration thereof has been 
believed to be as low as possible. However, because recombina- 
tion centers such as hydrogen atoms are present, no request 
has been made so far to decrease the concentration of phos- 
phorus in a non-single.- crystal silicon to a level as low as 
that of a single vystal silicon. In the due course of 
implementing the present invention, however, it has been found 
that the diffusion length of the minority carriers, par- 
ticularly the holes has Laen found to be decreased prin- 
cipally by the pre- ^e of -.osph. rus a" -<ms . Accordingly, an 
object of the present invention is to lower the concentration 
of phosphorus that is present in the form of phosphine in the 
starting gaseous reactive material, e.g., silane. More 
specifically, an object of the present invention is to lower 
the concentration of phosphine the starting gaseous silane to 
a level of 1 ppm or lower, and preferably, to a level in a 
range of from 0.01 to 1 ppb. Concerning other impurities such 
as oxygen that are conventionally known to be present in an I- 
type semiconductor layer, oxvgen atoms have been believed to 
locally form Si-O-Si bonds to impart insulating properties to 
the semiconductor. However r in case oxygen atoms aggregate 
into a cluster containing from several Co several tens of 
Atoms inside the semiconductor, the clusters then provide 
recombination centers for the electrons or holes. Ths«s recom- 



bination centers function as killers of the minority carriers 
which generate upon the irradiation of a light. It has been 
confirmed that this clearly occurs in a non-single crystal 
semiconductor fabricated by a plasma enhanced camical vapor 
deposition process., rui^herxore , the-, dangling bonds of oxygen 
have found tc func- ion a3 -\i-type donor centers. Thus, it has 
been found th^. a r.-ri-aaio— V.ous (se^A-crystalline) structure- 
sensitive noir-singie - crystal semiconductor having lattice 
strain is readily rendered N-conduetive. 

It can be seen from the foregoing that it is believed 
particularly important from an industrial point of view to 
fabricate a structure-sensitive intrinsic semiconductor from 
which oxygen atoms are substantially removed. The oxygen atoms 
are preferably present at a concentration as low as possible, 
because they provide the donor centers. Intrinsic semiconduc- 
tors as referred herein signify those having a Fermi level at 
approximately the center of the band width. 

In the light of the aforementioned circumstances, the 
semiconductor : device according to the present invention is 
characterized in that impurities are removed from the silicon 
semiconductor. The device according. to the present invention 
is also characterised^ in that r said . semiconductor comprises 
silicon added therein hydrogen or halogen atoms as the prin- 
cipal consonants, because hydrogen *nd halogen atoms function 



to neutralize the recombination centers, and that a trivalent 
or pentavalent impurity is added at a concentration of from 
10" to 3 x 10" cm-i to shift the Fermi level of the resulting 
semiconductor . 

I:, ge_i-.-l._-- . ue— / iOil_.::. are- Less, than _S A (more 
specifically. frox- 5 • ""A -n elective molecular 
diameter. Germane molecules are about 6 A in diameter. 
Polysilane are further larger in effective molecular diameter. 

Considering a reactive gas comprising molecules having 
the smallest effective molecular diameter, i.e., silane 
(monosilane) molecules, for instance, the gas contains other 
impurities as listed in Table 1. 

Table 1 



Purity (%) 


9S.99 


99.99 


Hydrogen (ppm) 


300 


3,000 


Nitrogen 


5 


50 


Oxygen 


0.1 


1 


Argon 


10 


SO 


Helium 


10 


50 


Methane 


5 


50 


Ethane 


0.1 


0.5 


Ethylene 


0.1 


0.5 


Propane 


0.1 


o.s 



Propylene 
Chloride 
Phosphine 
Water 

In a practical process of epitaxial growth of a serai- 
conductor, the concentration of oxides and nitrides is lowered 
to about 1/30 of th % nominal va'ue due to the segregation 
effect which occurs during che gas-solid reaction. 
Accordingly, a substantially intrinsic semiconductor having a 
resistivity of 100 ft-cnr* or higher can be obtained. 

In cwse o :iuplo^i plaiimr enhanced chemical vapor 
deposition in a tampe.rature range cf from 100 to 400 °C using 
glow discharge, however, a. physical purification method taking 
advantage of the segregation can no longer be expected to take 
place. 

It can be readily understood that in the case above 
W using plasma enhanced chemical vapor deposition, the im- 

purities enumerated in Table 1 are directly incorporated into 
the semiconductor. Phosphorus atoms, in particular, are ob- 
tained as decomposition product from phosphine to provide 
donor impurities — with-. rejpe<==r.tc-:cxyjen;- all. of the oxygen 
atoms react with *iUj=^ov P cM±dc?:sil^ the reac- 

tion product. A part of silane molecules, more specifically, 
from 1 to 5 % of tha entire molecules, is activated (ionized) 



0.1 



05 



0.5 
50 
0.5 
5 
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by che plasma rea c.-n.. ^ordir-':/, ic has been found that 
silane is condensed inside the thin film semiconductor at an 
extremely high concentration. This accounts for about 20 to 30 
times the concentration of silane in gaseous state. Phosphorus 
and oxygen e*ch-accr^iijj.ac=atrc^ from- L x 10" 

to 3 x 10" c-\-J and l. om ? x 10 « 'vo 4 x 10" cnrV respective- 
ly." It has been als\> found that phosphorus contained in the 
metallic cylinder ft a concentration of about 15 ppm reacts 
with hydrogen after a lei • t-nr. sr^rage o;: hydrogen to yield 
phosphine. ?hospK-* :i tber. Lr.rarpcrit^d as an impurity 
inside silane. 

It is therefore found experimentally that it is ex- 
tremely important to purify the reactive gas in the reaction 
apparatus before using it in plasma enhanced chemical vapor 
deposition process. 

Thus, more specifically, it is particularly important 
in the I-type semiconductor layer according to the device of 
the present invention to decrease the concentration of phos- 
pfaorus and oxygen t-. 1 x 10« cm-J , or lower and to 5 x 10" or* 
or lower, respectively. The very' object of the present inven- 
tion is to purify the. semiconductor. 

The present. inrencioa is described in detail referring 
to 'the accoafcanying figures. 



Pig. 1 shows the scheme of an apparatus for 
fabricating the semiconductor device according to the present 
invention. 

Referring to Fig. 1, a reactor (1) is equipped with an 
external heating furnace - (21) , substrates . (22 ) , a pair of 
electrodes (3), (? a iig" frequency oscillator (2) {for 
instance, a *3.5 ~\-z. _c I."." I- s ^ra- ), another oscil- 
lator (17) tor &,.-.iv&tii k g decomposing tne reactive gas, 
for instance, a 2 . 4SGHz generator or any which produces a 
microwave 1 GHz or higher in fre<iuency, and an attenuator 
(18). 

The microwave thus generated was supplied from an 
outlet protected by a ceramic member (19) to the reaction 
furnace (1) maintained at a pressure of from 0.001 to 10 Torr. 
The entire reaction furnace is covered with a shield (20) to 
prevent jamming i -:m ocvr.ving. The electric field which 
develops upon depositing^ the thin film semiconductor on the 
substrates (22) using a reactive gas is controlled to be in 
parallel with the surface of the substrate. Furthermore, the 
reactive gases are arranged in such a manner that they make a 
laminar flow in parallel, with the • surface, of the substrates 
when they are introduced into thyreactio.o- furnace. 

The reactive gas is introduced from an inlet (7) using 
a carrier gas, for exao*>le, gaseous hydrogen whose concentre- 



tiem of impurities such as oxygen .ind water is lowered to 1 
ppb or less, and preferably, to 0.1 ppb or less. In case of 
forming a thin film silicon, a gaseous silicide, i.e.. silane, 
is introduced from an inlet (4) . At the same tine, diborane 
diluted to ^ nee - ion-—. - - xn.- -. J-te^-DOO ppm-using a P- 
type impurity, hydi.jen, as well as phosphine diluted with 
hydrogen are introduced from inlets (5) and (6) , respectively. 

The reactive gases above are introduced into the 
reactor at. a predetermined rate each via pairs of gas 
purifiers (11) and (14), (11) and (15), and (13) and (16), 
respectively. Molecular sieves or zeolite 4.5A having an 
effective pore diameter in a range of from 2.7 to 4.65 A 
(representatively, an effective pore diameter of 4.5 A) are 
provided on ;he i^let side .ic the silane reactive gas (4) of 
each of the gas purifiers. More specifically, 4.5A is a porous 
molecular adsorbent expressed by a molecular formula (K«Zni) ( 
AlO a ) (Si0 2 )i2-xKaO. Furthermore, the gas passed through the 
adsorbent is also passed through a porous molecular adsorbent, 
i.e.. a molecular sieve or zeolite commercially known by the 
trade name of 3A. having an effective pore size in a range of 
from 2.7 to 3.31 A and expressed, by a molecular formula Na( 
AlOj) (Si0 3 ) -xH a O. 
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The chenical adsorption ability of the purifiers can 
be further :ncreastd ->y caoiing t:.am to a temperature in a 
range of from -70 S C ;o room temperature. More preferably, to 
selectively adsorb phosphine without adsorbing silane and the 
like, the purifiers are cooled in a temperature range of from 
-40 to -20 °C. for example, at -30 *C by means of electronic 
thermostats (8), (9). T-0) - With respect to diborane 

diluted using hydrogen, all of the impurities such as water, 
phosphine, and oxygen are removed in two stages using 3A or 4A 
at first, and then using 4.5A. 

Particulcr.-.y sil«x.-> not orJLy the Concentration of": 
oxygen which tends to render the semiconductor N-type conduc- 
tive, but also that of phosphine is desirably lowered to 0.01 
ppb or even lower. Accordingly, 3A is used as first to remove 
water; the subsequent use of 4.SA to remove phosphine is found 
effective. 

Evacuation is carried out using an evacuation system 
comprising a needle valve 125). a stop valve (24), a vacuum 
pump (23), and then through an outlet (26). The inner pressure 
is thus maintained in a range of from 0.001 to 10 Torr. 
representatively, in a range of from 0.05 to 0.15 Torr. 

Fig. 2 shows the characteristic curve of a semiconduc- 
tor* layer deposited using the apparatus illustrated in Pig. 1. 
X 1 Jim thick thin film of a non-single crystal semiconductor 



is deposited on a substrata o,g., a glass substrate, at a 
substrate temperature of 2 50 °C in a reaction furnace the 
inside pressure of which is maintained at 0.1 Torr. The con- 
ductivity upon irradiation of light (A211) and dark 
conductivity iu relar-.sa'.wltlr.- the 1 , higir frequency output are 
shown in the grc.ph. Rw ferric co Fiy . 2. the curve (29) shows 
the change in photoconductiv; ty with the change in high fre- 
quency output, a-.i.the :zrve .^0) shcvs the dark: conductivity. 
If silane is used as it -S without purification, as described 
in the foregoing, rhe j.^itia;_ impurities that are present in 
the gas cylinder are delivered into the semiconductor layer. 
Those impurities, particularly phosphorus, render silicon N- 
conductive, and oxygen or carbon renders silicon amorphous. 
Thus, two curves (29) and (30) are shown in Fig. 2. More 
specifically, a photoconductivity of 10-3 <f2-cm)-i is obtained 
at a high frequency output of from 20 to 30 W, however, the 
crystal linity of a part of the semiconductor is impaired at 
the same time- Thu^, the. resulting silicon is rendered semi- 
amorphous. This happens because oxygen atoms that are present 
as in^urities in the semiconductor function as donor centers 
to impart the entire semiconductor N-type conductivity. 
Conclusively, an intrinsic- semiconductor can be obtained by 
adding boron or any other iavurity which imparts the opposite 
conductive type to the semiconductor at a concentration of 



from 1 x Id' to 3 x 10" cxn-J , or by controlling the high 
frequency output, in a low region of from 1 to 5 W. However, 
both of the means considerably lower the photoconductivity to 
the order of frort 10-s to 10-« (fl-cm)-*. 

Instead of i h_— ^ coov? .rtional-.-: methods . the present 
invention employ - hi*. .. £U..f .« s^-ne. More specifically, 
the silane gas : us< -he p- nt- Invention is sufficient- 
ly purified in gas purifiers (11) and (14) (Fig. 1) - 
Moreover, gaseous silane is charged inside the gas cylinder 
after sufficiently purifying the gas. As a result, photocon- 
ductivity curve (27) and dark conductivity curve (28) as shown 
in Fig- 2 are obtained for the thin film silicon according to 
the present invention. 

The figure clearly reads that a high photoconductivity 
of 10-2 (fl-cm)-! is critic- it f lew .plasma discharge output 
of from 1 to 10 M, a.i.that a lvw dark conductivity is ob- 
tained in a range of from 10-» to 10' (O-cm)--. That is. a 
sufficiently high activation energy as an intrinsic semicon- 
ductor is obtained, and that a Fermi level of about a Eg/2-«.i. 

0t2 eV is achieved. 

The chart rtoris tics of ch*. r.hia film silicon are 
studied in further detail. According to the results of X-ray 
diffraction, a poorly crystallixed thin fila with lattice 

» 
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strain is identified on the product obtained at a plasma 
discharge output of from 5 to 10 w. Assumably, a semi -amor- 
phous semiconductor having an intermediate structure between 
amorphous stru-.re _':d /st^l line structure is formed in 
this case, beca-.se fna dif£rt«Ci»* angles are- found to be 
lowered by 0.5 to 1.5 degrees as compared to those of a crys- 
talline semiconductor. 

When an intrinsic semiconductor is fabricated by 
plasma enhanced chemical vapcr deposition in a temperature 
range of from 100 to 300 *C. for instance, at 250 «C, im- 
purities inside silane tend to be incorporated into the semi- 
conductor at a concentration from 30 to 100 times as high as 
that of a semiconductor fabricated by a simple CVD process or 
epitaxial growth. Thus, it can be readily understood that the 
u,« of an ultra-pure silane as the starting material is the 
key of the process. By employing such silane gases of ultra- 
high purity, a semiconductor with a low darJc conductivity but 
with a high photoconductivity in a range of from 10-J to 10-* 
(Q.cm)-i can be obtained even when the product is obtained at 
a low plasma power output of from 1 to 5 W. The photoconduc- 
tivity of the product thus fabricated, according to the present 
invention is well comparable to that, of a single crystal 
silicon, i.e.. 10-»(Q cm)-i. m the semiconductor thus ob- 
tained, tha diffusion length of the minority carriers, par- 



ticularly that c t*»hr.-.s.. is £•: ■ to he in a range of from 
3 to 20 um. Thi-- is 20 times :>r acre longer than the value 
(from 0.1 to 0.S um) of an amorphous silicon obtained by a 
conventional plasma enhanced chemical vapor deposition 
process . 

The present inv^ntioi: is particularly advantageous in 
that a high qual. V sem- :-idact . - is Reducible at such a low 
plasma power output. Kore specifically, in fabricating a PIN 
junction as in th, process of -...a present invention by sequen- 
tially deposits? the P • T-. , .d N-type layers in this order, 
a mixed layer Is apt form . the boundary of the layers 
differing in conductive type if a high plasma power output is 
applied. More specifically, a distinct boundary is preferably 
formed between the layers differing in conductive type. Thus, 
if this is attempted by applying a high plasma power output in 
case of forming ,an I- type laapr on a P-type layer, for 
instance, the sputtering effect of the discharge damages the P 

layer. , 

In case a microwave a? a frequency of 2.45 GHz is 

applied, the deposition ' rate of the thin film i. found to 

increase to about 3 to 5 times that of the case with reference 

to Fig. 2. The characteristic, of the resulting thin film 

.•miconductor are the «*»•. but th. deposition rate l« 

increased because the ionization ratio of the reactive gas can 
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be increased by applying power at a higher frequency of 2. 45 
GHz. More specifically, in case of depositing a thin film by 
flowing silane at a rate of 30 cc/minute under a pressure of 
0.1 Torr, for instance, the deposition rate is as low as 1 to 
3 A/second if a high, fre jaency- plasma alone is applied. 
However, the deposit i. rat ,-an b* increased to a range of. 
from 10 to IS A sec or :L by .imply microwave at a 

frequency of Z - 45 ... Iz. 

Fig. 3 is a wrapt, obtained through an experimentation 
to show how the gas purifier is effective in purifying silane. 

Referring to the graph in Fig. 3, the abscissa shows 
the concentration of phosphorus in the thin film- The con- 
centration is determined by means of IMA (Ion Kicro Analyzer) 
made by CAMECA. The. ordinate of the graph shows the electric 
conductivity in case light is irradiated to the film. 

The curves are for the case both 4.5A (11) and 3A (14) 
are employed for a »ilane system. The temperature of che 
column is varied from room temperature to -300 «C to improve 
the adsorption power of 3A and 4.5A. Oxygen i. found to be 
present in a concentration from 30 to 100 time, the concentra- 
tion of phosphorus. However, the concentration of oxygen i« 
found to decrease proportionally with reducing concentration 
of "phosphorus • 
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Curve (45) and curve (46) each show the 
photoconductivity and dark conductivity, respectively, in case 
no purifier is used. It has been found that the value can be 
lowered to 1-2 x 10*« cm-* by using the purifier at room 
temperature. "<■? fu. — * er.:*l.. -ri* j^.-t>"- temperature, to- 0 °C, -10 
°C, and -30 , tt ;on - tracior. .-z phosphorus ixpurity is 
found to decrease tc * v Ice of x 10 1* atom-cm-3, 2 x 10 « 
atom-cm-*, and 1 x 10" atom-cm->, respectively. As a result, 
photoconductivity (41) and dark conductivity (42) curves are 
obtained. These values are obtained using the apparatus shown 
in Fig. 1 under a hiyh frequency output of 2 W. 

To obtain the oxygen and carbon concentrations, it is 
particularly important to control the concentration of phos- 
phorus in silane to 1 ppb or love*- and that of oxygen to 0.03 
ppm (30 ppb) or lov-r By lowering the temperature from room 
temperature to a lower region, the impurity concentration cf 
phosphine can be lowered to 10 ppb (at 0 °C> and further to 
0.1 ppb (at -30 # C) . The impurity concentration of oxygen 
(inclusive of water) can be lowered to 0.01 ppm (at 0 # C) . and 
further to 0.003 ppm (at -30 *C> . The concentration of 
hydrocarbons C m H a is f ound. co be. decreased to 0.1 ppm, and 
further to 0.01 ppm. By decreasing tha temperature to -100 # C, 
silane adsorption is found to occur on the surface o£ mass 
spectrometers provided inside the purifiers equipped with 4.SX 



and 3A. Silane adsorbed :>y the mc.cs spectrometer impairs the 
adsorption power cf the purifiers to phosphine. however, it 
reversely increase the edsorpticr. ability for oxygen. 

A3 a matt*- -f cc . .-so. , a high level of purifica- 
tion can be reali^-J by .troi^sg the total leak of the 
reaction system shown in Fig. 1 to 1 x 10-w cc/sec or lower, 
and preferably, to 1 x 10 » cc/sec or lower. Accordingly, the 
mechanism of ihe joir.ta and the like in the system is also a 
key factor in achieving a hich purity gaseous silane. 

Referring to Pig. 4. a structure fabricated by using 
the fabrication apparatus' in Fig- 1 is described. Referring to 
Fig. 4 (A) , a clear conductive film (33) is formed on a glass 

r. * * * 

substrate (32>. and * P-type si; -'con carbide (Si.d.x; 0 < x < 
1. e.g.. x * 0.8) or a P-type silicon semiconductor (34) is 
deposited further thereon at a thickness of 100 A. The entire 
system is then sufficiently evacuated using a cryo pump (45) , 
and a purified silane is introduced therein to form an intrin- 
sic semiconductor layer (31), to a thickness of 0,5 Jim. After 
evacuating the entir* system again, a 200 A thick N-type 
semiconductor layer (31) is further deposited thereon using 
silane containing x X phosphin*. Finally, aluminum film (36) 
is vacuum depc*ite<? ^.-cording to a known process. 

The high frequency power' output in the process above 
1, controlled to 2 H while maintaining the substrate 
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temperatur-. at 25. : A c«. ^sicn efficiency of .11.8 % is 
obtained on the rescuing scicr.ture. 

The characteristics of the glass substrate can be 
further ameliorated by fabricating a photoelectric conversion 
device of a PIN junction typ* *s illustrated in Fig. 4 (B) . 

Referring to :.g. 4 i > . r. ^00 A thick P-type semicon- 
ductor layer (34), - Jim .'lir ■ I-type semiconductor layer 
(33), and a 150 A thick fibres structured K-type semiconduc- 
tor polycryste.il ine s m: . <?r.duc-;r layer (35) are deposited on 
a stainless 1 1 sub. . , :e ',- using the apparatus as shown 
in Fig. 1- An :.'0 . (i -• ^ t— ;.:.ide chaining from 10 % or 
less of tin oxide) film is vacuun deposited thereafter as a 
transparent electroconductive film (43). An aluminum auxiliary 
electrode (36) is provided thereon to obtain the final struc- 
ture . 

; . i. 

Por the structure tbl'S implemented and illustrated in 
Fig. 4 (A), the characteristic curve for the conversion ef- 
ficiency taking the phosphorus . concentration (the upper scale 
in the graph) and the oxygen concentration (the lower scale) 
for the intrinsic semiconductor layer as the parameter is 

given in Fig. S. 

X conversion efficiency higher than 12 % is achieved 
under AMI for an area of 1 cm* by controlling the concentra- 
tion of phosphorus to 5 x 10» csr> or lower (i.e., to a region 
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embraced 44). and particularly, to 3 x 10" cm-* or lower. 
More specifically, a higher conversion efficiency can be 
attained by controlling the concentration of phosphorus in a 
range of from 3 x ld» to 1 :< 10« «->. Furthermore, a curve 
faccor exceeding 0.7 can k. obtaiu t d. Concerning short circuit 
current, especially. :• maximum value of 2G mA/cm> is achieved. 
The open voltage : . in range of from 0.86 to 0.93 V. A 
considerate imprcv-^n t the , ceteris tics, is observed by 
lowering the oxygen concentration to 4 x 10" «-> or lower and 
thereby purifying silicon. 

in case of the example above with reference to Fig. 4 
(B) , the device is fabricated at a low temperature in a range 
of from 200 to 250 -C by using a polycrystalline fiber-struc- 
tured semiconductor as the N-type semiconductor layer. For 
detail of the process, reference can be made to Patent 
Application No. 57-087801 (filed by the present inventor on 

Kay 24, 1382). ,,< /•>:. 

The present' invention has been described in detail 
above by specifically referring to a photoelectric conversion 
device having a single PIN junction. However, the device 
according to the present invention may have two or more junc- 
tions by sequentially forming the layer, in the order of 
PINPIN....PIN. This i. another important application field of 
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Che present invention. Moreover, the resulting structure may 
be integrated on a substrate. 

The description of the present invention above refers 
specifically to * case using silane. and particularly, 
monosila-.e, * tl *ai Ui ilic e. Hoover, the present 
invention is .iso ^ _ecti -or a c«e using polysilane. such 
as disilane. so long as the effective diameter of the silicide 
molecule is sufficiently large as to be separated by a 
molecular sieve. Accordingly, the present invention is useful 
in case SiP 2 or SiF< is us**, because the diameter of the 

molecules is as large as 5 A. 

In case of germanium, germane (GeH 4 ) may be used to 

fabricate a non-single crystal semiconductor Si x Ge!_ x (0 < x < 

1) or pure Gi, t- it i- may ae employed for the Z-type 

semiconductor layer of a PIN junction. 



In the description above, a photoelectric conversion, 
device comprising a single PIN junction is described. However, 
the present invention is also effective for an insulated gate 
field effect semiconductor device having at least one NI or PI 
junction such as an NIP junction (i.e.. a junction comprising, 
in this order, a source or drain, a channel forming region, 
and « source or dr«in> or a PIP junction, as veil as for a. - 
transistor having an N£P2* or • PIi<IP junction. | 




according to the present invention* 

Fig. 2 is a graph showing the electric characteristics 

of a semiconductor obtained according to the present invention 

and that of a conventional intrinsic semiconductor. 

~Fig. -V*:3 jJLs * e : giriph ^ ihowiag , the ^ change ^of .eltctri'c^ 

characteristics of a semiconductor obtained according to the 

gas purification method of the present invention- 
Fig- 4 is a photoelectric conversion device according 

to the present invention. 

Fig. 5 is a graph showing the characteristics of a 

photoelectric conversion device according to a scheme shown in 

Fig. 4 (B) . 

Applicant for the Patent : 

Semiconductor^ Energy Laboratory Co., Ltd. 
Representative : Shunpei Yaaazaki 
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